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ABSTRACT Several phytoeedysteroids have been found m the extracts of A. multiflora and A.linearifolia using HPLC 
analysis. Those were 20-OH eedysone. cyasterone. 3-acetate-20-OI I eedysone. 2-acetate-2()-OH eedysone. ajugalactone. We 
found out that those phytoeedysteroids could lead the second instar larva of C/ostera anastomosis and Stilpnotia Candida to 
death. The modified mortality rate was from 44.64% to 96.24%. Those extracts could significantly reduce the amount of 
nymph produced by the female Tuberolachnus saligmts The number of the nymph produced after treating with those ex¬ 
tracts was only 20% to 70% of that produced by the untreated group. The death rate of the newly produced nymph which 
treated was among 33.33% to 58.82%. It was much higher than the death rate of the control group (17.57%). 
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Introduction 

During approximately 200 million years' coexistence, 
plant and animal kingdoms have affected .each other in 
different ways. Many plants produce allelochemicals 
(secondary plant substances) which affect on the life of 
herbivores. Some of the allelochemicals can interfere 
with the hormonal balance of the insect development 
inducing insect developmental inhibitor type symp¬ 
toms. 

Since the isolation of the first moulting hormone 
from a plant , Podocarpus nakat (Podocarpaceae), a 
number of phytoeedysones has been found in plants. 
These phytoeedysones have significant physiological 
effects on insects and have there for been suggested to 
play a role in the defense of plants from insect attack 11 ’ 1 . 

Ajuga species produce significant quantities of diter¬ 
penoid neo-clerodans (e.g. ajugarins. ajugareptansin, 
ajugareptansons, ajugapitins etc.) with phago-deterrent 
activity and phytoeedysteroids (e.g. 20-OH eedysone, 
cyasterone, sengosterone, ajugalactone, etc.) with insect 


developmental inhibitor type activities, see Table 1 
(From Dr. Bela Darvas et al. 1993). 

The purposes of this study were to find out those 
phytoeedysteroids contained in the Ajuga multiflora 
Bunge and A. linearifblia Pamp. , and to find out the 
effects of those extracts on some of the forest pests. 

Materials and Methods 

The two species of Ajuga analyzed for phytoeedysone 
contents were Ajuga linearifblia (collected from Nan¬ 
jing City, Jiangshu Province) and A. multiflora 
(Collected from Anshan City, Liaoning Province). 

Whole or the aerial pail of Ajuga or the aerial part of 
plants in summer, at flowering were cleaned with water 
and dried at 70 °C. Dry plant materials was ground 
with Labor Min grinder. Ten gram ground materials 
were extracted in 180 mL methanol with ultraturax TP 
45. Extraction was repeated twice in 180 mL methanol. 
Solvent was evaporated under vacuum at 60°C. A sin¬ 
gle sample was dissolved in 10 mL ethanol(lg dry ma- 


' This research project was sponsored by the Natural Sciences l undation of Heilongjiang Province (94003) 
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terial/mL cone.) and used for analyzing or in biological 
Table 1. Phytoecdysteroids in Ajuga species, mg. kg' 1 

assays. 






Ajuga species 

Tissue 

20-OH 

eedysone 

cyasterone 

makisterone 

A 

A 

Ajugasterone 

B C 

D 

ajugalactone 

Others 

Ref No. 

A. australis 


+ 

+ 

+ 






2 

A. bracteosa 

1 

+ 

+ 







12 


1 

+ 

+ 



+ 




13 

A. chamaecystus 

I 

+ 

+ 



+ 




13 

A. chamaepity 

w.d 

38 

160 

40 




43 


5 

A. chia 

l.s.f 


19 







9 


w 

100 








1 

A. decumbens 

w,f 

1200 

800 


10 

15 




15 


w 

1250 

600 


15 

15 


100 


11 

A. incisa 

w,f 

1200 

800 

140 

80 





15 

A. iva 

w,f 

121 




+ 




9 


w,f 

50 

1 







10 


w.d 



1070 






10 


r.d 

2200 

1330 

280 





23-OH-CY 

16 


s,d 

800 

530 

640 






16 


l,d 

520 

440 

440 






16 


w.d 

1600 

1300 

1600 





22-OXO-CY 

19 










24(28)MKA 

19 










24PRECY 

19 

A. ha var. psudoiva 


44 

70 

35 






7 

A. japonica 

l.d 

1800 

580 



130 




15 

A. nipponensis 

w.f 

1200 

800 







15 


w.d 

1000 


1000 



1000 


STD: 1000 

6 

A. pvramidalis 











spp. occidentalis 


170 

70 

50 



90 


NC:180 

7 

A. replans 

w.d 

66 

26 





94 

NC.120 

3 










NS: 110 

3 


1 

+ 








13 


w.d 








2Ac-cy 

4 










3Ac-cy 

4 

var. atropurpurea 

r, f 

47 

15 






NC:21 

14 










ICY:5 

14 

turkestanica 


480 

100 



+ 



TU:520 

17 










22Ac-cy-500 

18 


Notes: TU=turkesterone, NC=29-norcyasterone, lCY=lsocyasterone, SG=sengosterone, NS=29-norsengosterone, 24(28)MKA=24(28)-dehydro-MK.A, 
24PRECY=24-dehydro-PRECY, STD=stachisterone D. 2Ac-CY=2-acetyl-CY, 3Ac-CY=3-caetyl-CY. 22Ae-CY=22-acetyl-Cy, l=leaves, w=Whole plants, 
r=roots, d= dried plants, s=stems, A. bracteosa Benth (Wall. PI As. Rar. i. 59)= A. remota, A. chamaecystus Ging. ( Bent. Lab. Gen. Sp,, 698 )-A. camaecis- 
lus (K.H. Rechinger, FI. Iran, 150:11 )= A. chameacistus (Kubo et al.. 1983). 


Determination of phytoecdysone 

One mL ethanolic sample was evaporated under N 2 at 
room temperature. Sep-pak C l8 column was cleaned 
and activated with 10 mL double distilled, deionised 
water. The sample was dissolved in 5 mL distilled wa¬ 
ter twice and put into the column. The sample in the 
column was cleaned with 10 mL 15% methanol. Phy- 
toecdysteroids was collected with 5 mL 85% methanol 
and the sample was dried under N 2 . 

Applied Biosyst. 491 Dynamic Mixer Injector, Ap¬ 
plied Biosyst. 400 Solvent Delivery system (1.2 
mL/min, isopropylalcohol: water=7:93), 10 x0.4cm I. 


D. (5 «m) Spherisorb ODS-2 C l8 (Tracer analitica) 
column, Spark Holland Column Thermostat (55 °C), 
Applied Biosyst. 1000s Diode Detector (Standard: 
methylanthranilate) were used for determination. 

Biological assays 

Larvae of Clostera anastomosis (Linnaeus) and 
Stilpnotia Candida Staudinger The larvae used 

were gotten from the Populus stands in Dalian, Liaon¬ 
ing Province. Those larvae were weighted and meas¬ 
ured individually to make sure that all of those larvae 
used in these experiments were in the same instar. 
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Twenty second instar larvae were reared in each glass 
pot that was 10 cm in diameter and 15 cm high. The 
food used to feed those larvae were fresh leaves on 
their twig of Populus simonii xnigra. Those leaves 
were soaked in the diluted extracts (diluted 25. 50, 100 
times) originated from different species for 3 s, air 
dried, water cultivated in a small glass tube. Those pots 
were covered with fine gauze after those animals and 
their food have been put in them. Put those pots into a 
constant temperature animal rearing room at 28 °C and 
60%-70% R.H.. under lighttdark conditions 16:8 h. Ten 
mL 100% ethanol diluted 25 times were used as control 
groups . Three repetition was used in each treatment. 
The foods for those larvae were changed every two to 
three days and at the same time the number of dead 
larvae was recorded. 

Larvae of Tuberolachnus salignus (Grnelin): 

The nymphs were collected from the Salix fragilis I.in- 
neaus stands in the Dalian. Liaoning Province. Ten 
female adults were inoculated on the small branches of 
Salix fragilis cultivating in diluted (diluted 25. 50, 100 
times) extracts from Ajuga. plants. Put all of those ani¬ 
mals and their food into a pot which is 10 cm in diame¬ 
ter and 15 cm high, then cover it immediately with fine 
gauze. Put those treated animals in to a animals rearing 
room. The rearing condition was the same as used in 
the rearing of larvae of Clast era anastomosis and Stilp- 
noliu Candida . Ten mL 100% ethanol diluted 25 times 
was used as control groups at the same time. Three 
repetition was used in each treatment. The number of 
nymph produced and the animals dead w'as counted 
every two days. 

Result & Discussion 

Phytoecdysteroids content of methanolic extracts of 
Ajuga species 

The Phytoecdysteroids in whole plant in Ajuga multi¬ 
flora and in the aerial part of A. linearifolia identified 
by the HPLC analysis was listed in Table 2. This part 
w'as conducted by Dr. Josep Coll Toledano and Dr. 
Bela Darvas in Csic Department of Organic and Bio¬ 
logical Chemistry, Barcelona. Spain. 


Table 2. Phytoecdysteroids in A. multiflora and A. Linearifo- 
lia, mg ■ kg' 1 


Phytoecdysteroids 

species 

Ajuga multi flora 
whole plant 

,-f. linearifolia 
aerial part 

20-OH ecdysone 

287 

414 

cyasterone 

120 

47 

ajugalactone 


33 

V acetate-2 O-OI1 ecdysone 

14 

- 

2-acetate-20-OI I ecdysone 

21 

- 

total 

442 

494 


Those data in table 2 shown that A. lineariforlia con¬ 
taining more 20-OH ecdysone and Ajugalactone, A. 
multiflora containing more cyasterone, 3-acetate-20- 
OH ecdysone and 2-acetate-20-OH ecdysone. The total 
amount of phytoecdysteroids contained in A. Imearifo- 
lia is 494 mg-kg' 1 which was higher than that con¬ 
tained in A. multiflora. 

Effects of extracts on larvae of Clostera anastomosis 
and Stilpnotia Candida 

In this experiment, the extracts drawn from A. multi¬ 
flora and A. linearifolia were used to treat the larvae of 
Clostera anastomosis and Stilpnotia Candida Totally, 7 
records have gotten in 21 days. Those records was 
summarized as Table 3 and 4. 


Table 3. The mortality rate of Clostera anastomosis larvae 
treated by some Ajuga extracts 


kind of 

extracts 

times of 

dilution 

number of 
larvae 

number of 

dead larvae 

rate of 
mortality 
<%) 

modified 
mortal its 
rate(%) 

A mufti flora 

23 

60 

52 

86.67 

85 03 


50 

60 

50 

83.33 

81 28 


100 

62 

38 

61.29 

56.53 

I. Linearifolia 

25 

61 

50 

81,96 

79,74 


50 

59 

49 

83.05 

80.97 


100 

60 

36 

60 00 

55.09 

hexalluron 

5mg kg' 

62 

59 

95 16 

94 56 


lo mg-kg' 1 

60 

60 

100 00 

100 00 


20 mg kg' 1 

56 

56 

100.00 

100.00 

control 


64 

7 

10.94 


Table 4. The mortality rate of Stilpnotia Candida larvae 

treated by some Ajuga extracts 




kind of 

times of 

number of number of rate of 

modified 

extracts 

dilution 

larvae 

dead larvae mortal it\ 

, mortality 





(%) 

rate(%) 

A Mill tiff ora 

25 

60 

47 

78.33 

76 39 


50 

60 

48 

8000 

78 21 


100 

61 

30 

49 18 

44 64 

A. Linearifolia 

25 

58 

56 

96.55 

96.24 


50 

59 

51 

86 44 

85.23 


100 

61 

37 

66.66 

57.15 

hcxalluron 

5mg Kg 1 

59 

59 

100.00 

100.00 


10 mg-Kg 

■ ! 59 

59 

100.00 

100.00 


20 mg kg 

! 60 

60 

100 00 

100.00 

control 



61 5 

8.20 

- 


From the results in Table 3 and 4 . we found out that 
those phytoecdysteroids contained in A. multiflora and 
A. linearifolia could lead the second instar larva of 
Clostera anastomosis and Stilpnotia Candida to death. 
The modified mortality rate was from 44.64 % to 
96.24%. Those extracts could kill more than 75% to 
96.24% of the second instar larva of Clostera anasto¬ 
mosis and Stilpnotia Candida , if they was only diluted 
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25 or 50 times. It seems that .the killing ability to these 
two animals of those extracts was lower than that of 5 
mg-kg' 1 to 20 mgkg' 1 hexafluron. Five mg-kg' 1 to 20 
mg-kg' 1 hexafluron could kill 94.56% to 100% second 
instar larvae of Clostera anastomosis and Slilpnolia 
Candida. 

Effects of extracts on larvae of Tuberoluchnus salig- 
nus 

Seven days was used to found out the effects of extracts 
of A. mulliflora and I linearifoliu on larvae of 
Tuberoluchnus saligmis. The results of those observa¬ 
tion were summarized as table 5. 


Table 5. Effects of Ajuga extracts on larvae of Tuberoluchnus 
salignus 


Kind of 

extracts 

Times of 
dilution 

Numberof 
female 

adults 

Number of 

nymph 

produced 

Number of 

dead 

nymph 

Mortality 
rate (%) 

f multi flora 

t ^ 

50 

17 

10 

58 82 


50 

>0 

12 

6 

50 00 


too 

50 

56 

24 

42 86 

A iineariflora 

25 

30 

14 

6 

42 86 


50 

50 

51 

17 

33 33 


11)0 

5o 

50 

15 

38 46 

hexalluron 

5mg.Kg 1 

50 

26 

7 

26 02 


10 mg kg 1 

50 

14 

5 

35 75 


20 nig Kg 

30 

7 

3 

42 86 

control 


30 

74 

13 

17.57 


The data in Table 5 indicated that the extracts made 
from A. linearifoliu and A. mulliflora could signifi¬ 
cantly reduce the amount of nympha produced by the 
female Tuherolaclmus salignus. The number of the 
nympha produced after treating with those extracts was 
only 20% to 70% of that produced by the untreated 
group. The death rate of the newly produced nympha 
which treated with those extracts was among 33.33% to 
58.82%. It was much higher than the death rate of the 
control groupt 17.57%). From the number of newly 
produced nympha and the death rate, we might found 
out that those extracts have similar effect with 5 mg kg' 
1 to 20 mg-kg' 1 hexafluron. The death rate listed in Ta¬ 
ble 5 was not very high. The reason for this phenome¬ 
non need further study. 
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